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Abstract

In this study, the surface strain distributions of the three CuAlMn single crystals
were analyzed by the digital image correlation method (DIC) during cyclic superelastic
tests. The purpose of this study was to reveal the evolutions of the strain field during
superelastic cycles to understand the effects of residual strain on the decay of
superelastic behavior. The tensile orientations of the studied samples were [02 5], [ 1
14],and [ 6 0 5 ], respectively. 10 % of strain was applied onthe [0 25 ]-and [ 1 1
4 ]-orientated samples, and 7 % strain was applied on the [ 6 0 5 ] one. The fatigue test
results showed that the [ 1 1 4 ]-orientated sample had the fastest decay rate of critical
stress and the fastest accumulation rate of residual strain. The results of DIC analyses
showed that the main accumulation position of residual strain was at the position where
the stress-induced martensite nucleated. Furthermore, regions that experienced less
martensitic transformation showed less residual martensite. The results of local strain
analyses also indicated that residual strain accumulated the most at the position where
the stress-induced martensite nucleated, which was associated with the fastest decay of
critical stress. On the other hand, regions that underwent less martensitic transformation
showed a more minor residual strain and slower decay of critical stress, indicating that
the amount of martensitic transformation was directly related to the amount of residual
strain and thus caused the decay of transformation stress. The analysis of energy
dissipation showed that the energy dissipation increased with increasing cycle number
and reached the maximum value at which the main stress-induced martensitic
transformation band began to shift. The increase of energy dissipation with cycle
number was considered caused by the simultaneous formations of martensite at various

regions in the sample, resulting in more significant friction between martensite variants.
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Comparing these three samples showed that the superelasticity degradation process of
the [ 1 1 4 ]-oriented sample was different from others. The critical stress of the [ 1 1
4 l-oriented sample dropped sharply initially, but its residual strain accumulated later.
The reason for this feature was that a large amount of residual strain accumulated in a
local region at the first few cycles, causing a significant drop in the critical stress, while
the average residual strain of the sample remained relatively small.

Keyword : shape memory alloy ~ CuAIMn ~ single crystal - superelasticity ~ fatigue
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F4-1[114]3 =375 224 B ¥ A% fr9 478 ha 99 Schmid Factor -

Habit Plane Shape Strain Schmid Factor
1 (-0.680.16 0.72) [0.740.14 0.65 ] 0.468
2 | (-0.68-0.16-0.72) | [0.74-0.14-0.65] 0.422
3 (-0.68-0.16 0.72) [0.74-0.14 0.65 ] 0.383
4 | (-0.680.16-0.72) [0.740.14 0.65 ] 0.342
5 (-0.680.720.16) [0.740.650.14 ] 0.066
6 (-0.68-0.72-0.16) | [0.74-0.65-0.14] 0.047
7 (-0.68-0.720.16) | [0.74-0.650.14] -0.027
8 (-0.680.72-0.16) [0.740.65-0.14 ] -0.025
9 (0.16 -0.68 0.72) [0.14 0.74 0.65 ] 0.468
10 | (-0.16-0.68-0.72) | [-0.140.74-0.65] 0.422
11 | (-0.16-0.680.72) | [-0.140.740.65] 0.383
12 | (0.16-0.68-0.72) | [0.140.74-0.65] 0.342
13 | (0.72-0.680.16) [0.650.74 0.14 ] 0.066
14 | (-0.72-0.68-0.16) | [-0.650.74-0.14] 0.047
15 | (-0.72-0.680.16) | [-0.650.740.14] -0.027
16 | (0.72-0.68-0.16) | [0.650.74-0.14] -0.025
17 | (0.160.72-0.68) [0.14 0.650.74 ] -0.374
18 | (-0.16-0.72-0.68) | [-0.14-0.650.74] -0.427
19 | (-0.160.72-0.68) | [-0.140.650.74] -0.403
20 | (0.16-0.72-0.68) | [0.14-0.650.74] -0.439
21 (0.720.16 -0.68) [0.650.14 0.74 ] -0.374
22 | (-0.72-0.16-0.68) | [-0.65-0.140.74] -0.427
23 | (-0.720.16-0.68) | [-0.650.140.74] -0.439
24 (0.72-0.16 -0.68) [0.65-0.140.74 ] -0.403
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